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ABSTRACT 

The method of Strainrange Partitioning is used to predict the 
cyclic lives of the Metal Properties Council's long time creep 
fatigue inte' spevsi on tests of several steel alloys. Comparisons 
are made with predictions based upon the Time* and Cycle -Fraction 
approach. The method of Strainrange Partitioning is shown to give 
consistently more accurate predictions of cyclic life than is given 
by the Time- and Cycle-Fraction approach. 
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NOMENCLATURE 


Agj^ = iiielastic straiurange 

Aepp » PP component of inelastic straiurange 

Ae^p » CP component of inelastic straiurange 

F PP = Ae PP /Ae IN 

F CP " AE CP /Ae IN 

Npp “ pure PP life, cycles to failure 

N = pure CP life, cycles to failure 

CP 

n “ number of rapid fatigue cycles per creep period 

NOBS = observeu number of combined creep-fatigue cycles 
to failure 

NPRE = predicted number of combined creep-fatigue cycles 
to failure 

N = Nth combined cycle 

EF 3 equivalent factors on life (see Appendix) 

SB = stanuard error of estimate 

Dp = plastic tensile ductility = ln(100/(i00 - $RAp)) 

D c = croup rupture ductility = ln(100/(100 - $RA C )) 

RA = reuuction of area 

Num a number of tests 

TSR B total straiurange during fatigue portion of cycle 
ly K time to failure, hours 


INTRODUCTION 

An important question facing the designer of engineering 
structures for long time service at elevated temperatures is the 
analytical procedure to be used to predict cyclic lives that are 
well in excess of those normally attained in the laboratory. A 
program intenueu to provide designers with useful information in 
predicting cyclic behavior at high temperatures was initiated a few 
years ago by the Metal Properties Council (MPC) . This effort 
involved extensive testing of selected steels at elevated 
temperatures under interspersed creep-fatigue conditions and was 
carried out by the Materials Technology Corporation (MTC) of Ann 
Arbor, Michigan. A complete account of this program has been 
given oy Curran and Wundt (1-4) along with life predictions using 
the Time- anu Cycle-Fraction (TCF) method as used in ASME Code Case 
1592 (5). The tests were designed to be conducted in such a manner 
as to be ideal for analysis by the TCF method. 

The MPC data represent an extensive body of long time (up to 
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7000 hours) crcep-fatigue results, und hence provide an opportunity 
to evuluato the ability of the Strainrange r rtitioning method 
(SUP) to predict long hold time behavior. 

Cyclic life predictions have previously been made by Saltsmnn 
and Halford (o) for one of the alloys (annealed 2.25Cr-lMo) used in 
the MPC program. Those predictions were based upon short time 
(<100 h.*s) SRP life relations established from cyclic creep-fatigue 
tests conducted in the authors’ laboratory (7). 

In the current study, we have applied the SRP method to all of 
the MPC interspersed creep-fatigue results. Details of the life 
predictions are discussed in the following sections. The SRP life 
predictions are compared with the predictions reported by Curran 
ana Wundt (1-4) using the TCF approach. 

Special appreciation is duo Messrs Adolph 0. Schaefer, Robert 
M. Curau and Boris Wundt of tho MPC for making available to the 
authors the detailed results of tho cyclic tests and the 
uupublisncd results of the materials characterization study. 


METHOD OF STRAINRANGE PARTITIONING (SRP) 

The SRP method has been proposed for predicting cyclic life in 
the high-temperature, creep-fatigue regime. This method was first 
presented in 1P71 by Mans on, Halford, and Hirschberg (7) and has 
been undergoing continued development since that time (8-11). One 
of the recent developments that is pertinent to the analysis of the 
MPC data are tho Ductility Normalized-Strai^ange Partitioning 
(UN-SRP) life relations and procedures (12). 

In the absence of experimentally determined life relations, 
tneso equaLions enable the estimation of the four generic inelastic 
strainrange SRP life relationships (PP , PC, CC , and CP) from a 
knowlodgo of an alloy's tensile plastic ducility (D„) and creep 
rupture ductility (Dr) . These equations thus provided method for 
estimating tho reduction in cyclic life duo l > the harmful effects 
of long exposures at elevated temperatures as indicated by 
reduction in creep rupture ductility. 

It was necessary to determine only the PP and CP life 
relations for analysis of the MPC results since the interspersion 
creep-fatigue tests contained only PP and CP type strainranges . 

The PP life relation for each material did not have to be estimated 
from the DW-SRP relation but rather could be determined from the 
continuous strain cycling (PP) tests conducted during the MPC test 
program. The CP life relation for each alloy was determined using 
the appropiate DN-SRP life relations and time dependent creep 
rupture data provided by the MPC. No tests were performed 
to permit the experimental determination of this life relation. 

Although the MPC data were originally generated with the 
intent of evaluating only the TCF approach to creep-fatigue 
interaction, the results were well documented and in a format 
compatible with tho application of the SRP method. 

In making a life prediction usin$j SRP, three basic steps are 
followed, 

(a) The PP, PC, CC, and CP life relations must be established 

either by experiment or by an estimation procedure such as the 

DN-SRP equations. 
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(b) Tlio magnitude of the inelastic strainrange must be known, 
either by direct measurement, or by calculation using 
constitutive equations. The inelastic strainrange is then 
partitioned into its various components (PP, PC, CC, CP). 


(c) Finally, a life prediction is obtained using an appropriate 
damage rule, such as tho interaction damage rule, to assess 
the damage contribution of each partitioned strainrange 
component. The predicted life is calculated by solving the 
damage rule equation. 


Each ■)£ these steps will be applied to the MPC creep-fatigue 
interspersion test results in the ensuing sections with the 
reeognitio! that the steps are somewhat simplified since only two 
components (PP and CP) of the inelastic strainrange are involved. 


MPC CREEP- FATIGUE INTERSPERSION TESTS 


The alloys, heat treat conditions, and test temperatures 
involved in the the MPC interspersion program are summarized below. 


a) . lCr-lMo-0 .25V, Normalized and Tempered, 

b) lCr-lMo-0 . 2 SV, Normalized and Tempered, 

c) 2.25Cr-lMo, Annealed, 

u) 2.25Cr-lMo, Normalized and Tempered, 

e) 2.25Cr-lMo, Quenched and Tempered, 

f) Type 304 Stuinless, Solution Annealed, 

g) Type 304 Stainless, Solution Annealed, 


S40C(1000P) 
4 8 5C C 900P) 
54 OC(lOOOF) 
540C (1 OOOF) 
4 8 5C C 900F) 
650C(1200F) 
S65C (1 050F) 


In the MPC creep-fatigue interspersion tests, one combined 
cycle, Fig. 1, consists of a creep period of either 23 or 47 hours 
at a constant tensile stress followed by a rapid reversal of strain 
back to the point of zero inolastic strain, followed by a 
preselected number of intprspersed rapid fatigue cycles at a fixed 
total strainrange about a zero mean strain. At the beginning and 
enu of each combined cycle, the net strain is nominally zero. 

Thus, strain ratcheting is not present in these tests. 


It should, be noted that the number of interspersed fatigue 
cycles reported in (1-4) is one-half cycle greater than the values 
reported herein. This extra half cycle is accounted Cor in the 
present analysis as being the half cycle of plastic strain that 
reverses the tensile creep strain obtained during the hold period. 
It is emphasized tnac all of the strains arc accounted for in the 
SRP analysis presented. 


ANALYSIS OF MPC TESTS 


SRP Life Relations 

Only two of the four generic SRP life relations are needed to 
predict the lives of the MPC creep- fatigue interspersion tests 
since only PP anu CP strainranges were present. A noteworthy 
feature of SRP in this case is that the life relations could be 
determined from existing data. 
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PP Life Relation 


The PP life relation for each alloy was determined from data 
from the MTC fatigue tests and the interspersion tests. Additional 
strain-controlled fatigue tests (3) were performed by MTC (3) 
during the interspersi.on testing using specimens identical to those 
used in the interspersion tests. However, the inelastic 
strainrange values were never reported for these fatigue tests. 
Therefore, the relationship between total strainrange and inelastic 
strainrange had to be established using total strainrange values 
and the corresponding inelastic strainrange values reported for the 
rapid cycling portion of the interspersion tests. The validity of 
tliis approach was verified by comparing these results with the 
cyclic data reported in (13) and the unpublished MPC cyclic data. 

The pp life relations were obtained directly from these data 
and are shown in Figs, 2(a-e). Since only two or three data points 
are available for each dataset, a least squaros curve fit is not 
justifiable and in fact could be misleading. Previous experience 
was used as a guide for fixing a straight line of constant slope 
through the limited data. For the lCr-lMo-0 ,25V steel and the 
2.25Cr-lMo steal, a slope of -0.8 was used and is consistent with 
values reported by Jaske and Mindlin (13) , Brinkman et al (14) , and 
Ellis et al (IS) for annealed 2.2SCr-lMo, and by Levin (16) for 
lCr-lMo-G.25V. This steep slope is appropiate in only the large 
strain regime which is considered in this paper. For Type 304 
stainless steel, a constant slopo of -0.6 was used based upon the 
findings of Saltsman and Halford (17) for Type 304 and 316 
stainless steels. 

Although the PP data are sparse, they were obtained near the 
strainrange levels of direct interest to the current analysis. The 
PP line is based on short time data only. No tensile ductility 
data after high temperature long-time exposure are available to 
estimate tuc effects of exposure on this life relation (12), 


CP Life Relation 


Two DN-SRP equations have been proposed for use in estimating 
the CP life relation, one for conditions that produce transgranular 
cracking and the other for conditions that produce intergranular 
cracking during creep (10) . 

"X 67 

N cp = D c (SAe IN ) • (Transgranular) 

Ncp - DcflOAEj^)" 1 '^ (Intergranular) 


Examination of the fractures of creep rupture specimens for 
each alloy revealed that only the Type 304 stainless steel suffered 
intergranular cracking; the other alloys failed by transgranular 
cracking. Plots of the creep rupture ductility as a function of 
rupture time arc presented in Figs. 3(a-e). A line is drawn 
through the limited data that fall within the extremes of time to 
failure observed in the MPC creep-fatigue tests. These data were 
obtained from (13) and from unpublished data supplied to the 
authors by the MPC (Table Al , Appendix). 

As first suggested by Manson (9), the creep rupture ductility 
used in the DN-SRP equations is the ductility measured in a 
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conventional creep rupture test for the same time to failure as is 
experienced in the cyclic test being analyzod. For example, if the 
lifetime of a cyclic test is known, say 1000 hours, the 1000 hour 
croup rupture ductility would be used in the DN-SRP equation for 
calculating the cyclic life. In the more typical case, the time to 
failure is not known when cyclic life is boing predicted. Here an 
iterative procedure is used until the calculated time to failure 
agrees with the estimated time to failure (and tho associated creep 
rupturo ductility) , 


Partitioning of Strainranges 

Partitioning the inelastic strains of tho hysteresis loop 
associated with the creep period is a matter of simply examining 
the detailed tost results. The inelastic strainrango is the width 
of tho hysteresis loop AHCA (Fig* 1) at zero stress, and the CP 
struinrange component is taken as the amount of creep strain 
accumulated under tho constant stross. The PP component is the 
difference between the inelastic strainrange and the CP component. 

Tile hysteresis loop ,CDEC, traversed during the interspersed 
fatigue cycling is also shown in Fig. 1, It is assumed that the 
straining rate is high enough to exclude creep effects and thus the 
entire inelastic strainrange for this hystersis loop is PP. 

One combined creep-fatigue intersporsion test cycle has three 
contributions to damage - the PP and CP strainrange components of 
the inelastic strainrange produced immediately prior tc and during 
the creep portion, and the PP strainrange produced as a result of 
the interspersed fatigue cycling portion. * A calculation of the 
expected cyclic life can be made from a knowledge of the magnitudes 
of these three strainranges and a knowledge of the material's PP 
and CP life relations at the temperature of interest. 


Life Predictions 

Tlie analytic details of how damage is summed using the 
interaction damage rule of SRP is presented in the Appendix. The 
number of observed cycles to failure is defined as the number of 
completed combined cycles to failure. 

The SRP life predictions were made using two slightly different 
Analytical procedures. 


SRP 1 - Damage during the creep period was summed on each and 
every cycle using the instantaneous PP or CP strainrange 
values as dictated by the cyclic hardening or softening 
characteristics of the/ material . Examples of cyclic 
variations in the inelastic strainrange during the creep 
periods aTe shown in Figs. 4(a-g) for each of the seven 
dataset^. Typically, the inelastic strainrange increased 
duringythe latter portion of the tests, reflecting tho 
steadily increasing creep rates as the tests progressed. In 
some cases, the creep rates increased by over an order of 
magnitude from the first to the last cycle. It was because of 
these large variations that a cyclo-by-cycle analysis was 
made. 


SRP 2 - Damage during the creep period was assumed constant 
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over the entire test and determined by the arithmetic average 
values for the PP and CP strainrange components over the life 
of the test. 


Summing damage on a cycle-by-cycle basis is inherently the 
most precise procedure for determining the total damage during the 
creep periods. It is also the most laborious and would not be 
feasible in some situations. Then, avorage or typical strainrange 
values would have to be determined. To assess the magnitude of the 
effects of such an approximation, life predictions wore made by 
using arithmetic average PP and CP strainrange values during the 
creep periods. The fatigue damage incurred during the rapid 
cycling portion of the combined cyclo was estimated the same way 
for both types of SRP life predictions. The rapid cycling was done 
unUer strain control and the inelastic strainrange generally 
reaeued a stable value early and remained stable during most of the 
test . Thus , the fatigue damage incurred during this portion of tiie 
combined cycle was estimated using strainrange values established 
at half-life. 

The life preuictions made by SRP are compared with the life 
predictions reported by Curran and Wundt (4) using the TCP method. 

A summary of the test results and the TCP predictions are given in 
Tables l(a-g) and plotted in Figs. S(a-g). 

The results of the SRP life predictions obtained by summing 
damage every cycle arc given in Tables 2(a-g) and plotted in Pigs. 
6(a-g), anu the preuictions obtained by using average strainrange 
values are listed in Tables 3(a-g) and plotted in Figs. 7(a-g). 

The central 45 degree lines in Figs. 5-7 represent exact agreement 
between observed anu predicted lives. These central lines are 
bracketed by two parallel lines which indicate a factor of two on 
life above and below the exact agreement lines. 


Assessment of Life Predictions 

The following criteria are used to evaluate the accuracy of 
the above life predictions. 


(1) percentage of test lives predicted within factors of 
2, 3, and 4 of the observed lives 

(2) percentage of points under or over predicted 

(5) standard error of estimate (SE) or equivalent factors 
on life (EP) (see Appendix) 


Results of the SRP and TCF life predictions for the alloys, 
heat treat conuitions, and test temperatures involved in the MPC 
program are given in Table 4. Table 4(a) gives an evaluation of 
the SRP life predictions obtained by summing damage every cycle 
(SRP-1) . A review of this table shows that 86 percent of the tests 
are predicted within factors of 2, 9S percent within factors of 3, 
and 99 percent within factors of 4. There is a slight tendency to 
overpredict with 61 percent of the test lives being over 
preuicteu. The SE for these predictions is 0.215. The equivalent 
factors on life for this value of SE is 1.64. 
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The evaluation of the SRP life predictions using average 
strniiirange values (SRP-2) is given in Table 4(b), Using this 
procedure 77 percent of the tests are predicted within factors of 
2, 92 percent within factors of 3, and 97 percent within factors of 
4. Ei;jhty-two percent of the test are overpredicted, and the SE 
is 0.263. The equivalent factors on life is 1,83. 

For comparison purposes, the evaluation of the TCP predictions 
is given in Table 4(c), Here only 66 percent of the tests are 
predicted withinzfactors of two, 91 percent within factors of 3, 
and 98 percent within factors of 4. Eighty-one percent of the tests 
are over predicted and the SE is 0.281. The equivalent factors on 
life is 1.91. 

The life predictions for type 304 stainless steel at 1050F are 
ovcrpredictod using both the SRP and TCF methods as shown in Figs. 
5(g), 6(g), and 7(g), The reasons for this are not clear at this 
time . 


A summary of the results obtained by each life prediction 
method ,1s given in Table 5, The SRP predictions obtained by 
summing damage every cycle (SRP-1) are significantly better than 
the predictions obtained using tho TCF method, The SRP life pre- 
dictions based on average strainrnnge values (SRP-2) are of equal 
Or greater accuracy than those given by the TCF method. 


DISCUSSION 


Comparison of SRI’ with TCF Life Prediction Methods 

The MPC tests were designed and conducted in a manner ideal 
for analysis by the TCF method. Despite this analysis advantage, 
the method did not necessarily give the best results as evaluated by 
tne three criteria used in the previous section. Best results were 
obtained using the method of SRP and summing damage on a 
cycle-by-cycle basis (see footnote). The TCP method is easy to 
apply in tills idealized test situation. However, when applied to 
more realistic creep-fatigue problems, it is generally recognized 
that this method has some serious limitations. Manson (18) has 
discussed in detail the virtues and limitations of the TCF method. 
Two limitations that apply directly to this analysis will be 
discussed briefly below. 

The damage fraction due to the cyclic creep is based on the 
time to rupture obtained from a conventional static Creep rupture 
test. This type of test, however, does not necessarily reflect the 
actual time to failure experienced under cycling loading. To 
overcome this shortcoming, Manson ct al(20) proposed basing the 
creep damage fraction on a creep rupture curve obtained from cyclic 


A very recent paper by Batte et al (19) has been brought to the 
attention of the authors. Their work parallels the current study 
in several respects, in that they have applied life prediction 
methods (including SRP and TCF) to an analysis of long time (up to 
two years duration) creep-fatigue tests of a 0.5Cr-Mo-V steam 
turbine casing material. However, their conclusions are clouded by 
the fact that rather unorthodox movNif ications were made to the 
procedures for appling the TCF method. A more direct assesment of 
the method’s capabilities using ASME Code Case 1S92 procedures 
remains to be accomplished. 
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tests, This curve generally lios to the right of (i.o. longer 
lives for the same stress) the conventional static creep rupture 
curve (21). 

Also, tiie time to rupture is highly sensitive to stress 
level. In situations where the stress is not known accurately or 
changes rapidly with time, it is difficult to determine the creep 
damage accurately. A common example of the latter case is a 
high-tomporature tensile strain hold fatigue cycle which produces 
repeated stress relaxation, Jaske et nl (?-) conducted costs of 
this type using Incoloy 800 and Typo 304 stainless steel. These 
tests involved tensile hold times from 10 to 300 minutes. The 
lives of theso tests were then predicted using the TCP method. The 
creep damage fraction incurred during the hold period was 
determined using stresses measured during the relaxation period. 

The lives of those tests were ovorpredicted by a factor of about 3 
at the one extreme and undcrprcdictod by a factor of about 20 at 
the other, Ma»3on (0), however, using SRP, was able to predict the 
lives of these same tosts to within factors of two. 


Ductility Normalized Equations 

The creep rupture ductility values used in the SRP life 
predictions are based on an equal time to failure for both the 
cyclic and creep rupture tests. The validity of this approach is 
illustrated with the aid of Figs. 8(a-g), Here the ratio of 
observed to predicted life is plotted against time to failure. For 
the situation where the creep rupture ductility is little affected 
by exposure time, one would not expect the actual lives or the 
predictions to be affected by the duration of the test. This 
inacoii is the case for lCr-lMo-0 . 25V and annealed 2.25Cr-lMo as 
seen in Figs. 8(a-c). 

The creep rupture ductility of the remaining alloys, 

2.25Cr-lMo in the normalized and tempered and the quenched and 
tempered conuitions and Type 304 stainless steel, are affected by 
exposure time as shown in Figs, 3(c-e). For the 2.25Cr-lMo in both 
conditions tiio ratio of maximun/minimum ductilities for the times 
involved is about 1.6, For Type 304 stainless, this ratio is about 
3.0. It is very important that such large changes in an alloy’s 
strain absorption capability be accounted for in making life 
predictions . 

The effects of basing the life predictions on short-time creep 
rupture ductility values is illustrated by the following example. 
For 2.2SCr-lMo in the normalized and tempered condition, the 
ductility is constant at 1.60 up to about 600 hours and then 
decreases. The total time under creep loading for test specimen 
number 6B4E was 2824 hours, and the corresponding creep rupture 
ductility is 0.97, Using this latter ductility value and summing 
damage every cycle, the damage fraction due to creep is 0.968, and 
the ratio of observed to predicted life is 0,99 (see Table 3(d)). 

If the life prediction had been based on the short time ductility 
of 1.60, the damage fraction due to creep would have been 0.S87, 
and the ratio of observed to predicted life would have been 0.61. 
Obviously, the accuracy of the life prediction would suffer by 
using only the short time ductility value. This example, thus, 
illustrates the importance of using long time ductility values when 
predicting long time cyclic lives. 


* failed 4 hours into the 51st cycle of 47 hours per cycle. 
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SUMMARY OF RESULTS 


The SRP life prediction method lias been used to predict the 
cyclic lives of the MPC creep-fatigue interspersion tests of sev- 
eral steel alloys. Since only the PP and CP components of inelas- 
tic strainrange are present in these tests, it was necessary to 
establish only the PP and CP life relations. The PP life relations 
were obtained directly from continuous cycling fatigue data gene- 
rated as part of the MPC testing program whereas the CP life rela- 
tions were estimated using creep rupture ductility data and the DN- 
SRP life relations. 

A summary of the results obtained by each life prediction 

method is given in Table 5. The metnod of SRP gives consistently 

more accurate life predicitons than arc given by the TCF approach. 

More specifically., in the case of the detailed SRP-1 analysis, the 

predictions are significantly more accurate than those obtained by 
the TCF method. When the less detailed SRP-2 analysis was made, 
the life predictions were still more accurate, although not sig- 
nificantly, than those obtained by the TCF method. 

> 


APPENDIX 

Interaction Damage Rule 


The interaction damage rule can be written in the following 
form to account for the damage incurred during both the creep por- 
tion and the interspersed rapid cycling portion of the combined 
cycle. 
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I F CP /N CP 


* F pl l/N pp^ 


n/N 


PP 


Croop portion Interspersed fatigue portion 


J 


1 

NPRE 


(Al) 


Each term on the loft hand side la the damage par combined cycle 
for each typo of strainrongc component, 


When half -life or average strainrnngc values are used, life 
can be predicted using equation (Al) since it is presumed that all 
cycles are the same. But, when a cyclic variation in strainrange 
is to be taken into account, the damage must be summed on a 
cycle-by-cycle basis until tho summation of damage is equal to 
unity as indicated below. 



(A2) 


The predicted life, NPRE, is equal to the number of required 
summations . 


The actual variations in strainrange of the MPC tests were 
known prior to making the life predictions. Hence these variations 
could be accounted for. The inelastic strainrange during rapid 
cycling generally stablizod early and remained stable over most of 
the test, Tlius the fatigue damage incurred during rapid cycling 
was estimated using the half-life valuer of inelastic strainrange. 
Based on the above, equation (A2) can be rewritten as follows. 



n fNOBS) NODS 
Npp " NPRE 


CA31 


This equation was used for making SRP life predictions wherein 
damage was summed on an actual cycle-by-cycle basis. 


Sample Calculation 

The procedures followed in predicting the cyclic lives of the 
MPC tests will be illustrated with a sample calculation using 
average strainrange values for one of the tests and equation (A1J . 

The method of summing damage on a cycle-by-cycle basis -will 
not be illustraued because the computations are too lengthy. 
However, the basic procedures are the same. 

The test selected for analysis is 8B4E, Type 304 stainless 
steel at 6S0C Csee Table 1(f)), 


creep portion 
Ae pp = 0.00034 
Ae cp = 0.00498 

^ e IN = 


Ppp = Aepp/Acj^ = 0.064 
F CP “ Ae CP /Ae IN =0.936 
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NOBS n 31 cycles 

time to failure “ 1490 hours 

Dq ° 0.26 . (see Pig. 3(e)) , intergranular cracking 


Since this alloy experiences intergranular cracking during 
creep loading, the CP life relation for this mode of cracking must 
be usou. Note that the pure CP life is determined as if the entire 
inelastic straiurange is of the CP type. 

Thus N cp » (0.26) [10(0. 00532) J"' 1, 67 » 35 cycles 

Tne pure PP life is uctcrmineu using the equation given in 
Fig, 2(e). Note again that the pure PP life is determined as if 
the entire inelastic strainrangc is of the PP type. 

Thus Npp = [ (0.00532/0.40) J -1, 25 = 221 cycles 


Interspersed fatigue portion 
AEpp = 0.0035 

n a 1 fatigue cycle per combined cycle 

The fatigue life for this portion of the combined cycle is determined 
using tile equation ill Fig. 2(e). 

Thus Npp * 'O. 0035/0. 40)~ 1,25 = 2734 cycles 

I‘i k. of the terms in Eq. (Al) are now known, and we can 
estiiaacc the cyclic life of the test. 


0.936 + 0.064 + 1 — 1 

~~25~ "221” 2734 ' NPRE 


Thus NPRE = 36 combined cycles. This life is to be compared with 
tne observed life of 31 cycles. Note that the CP component of tiie 
damage is much greater than the two PP components in this example. 


Standard Error of Estimate 


The standard error of estimate (SE) (23) can be used as a 
criterion for evaluating the accuracy of the life predictions and 
is given by the following general equation. 


SE 




observed 


predicted) 2 /Num 


(A4) 


Logarithmic values of life are used. Thus Eq. (A4) becomes 


SE = /£ (log (NOBS) - log(NPRE)) 2 /Num (AS) 

Uy using logarithmic values of the observed and predicted lives, 
thus the SE is determined from the ratio of observed and predicted 
lives , 


SE = y/z (log (NOBS/NPRE) ) 2 /Num 


(AG) 


In order to give the reader a better comprehension of the 
magnitude of the scatter in the life predictions as measured by tho 
SE, we propose relating it to a term we shall call "equivivalent 
factors on life" (EF). The EF is defined as the antilogarithm of 
tJie SE. Thus, if tho SE for a series of tests is 0.301, the EF is 
2 . 0 . 


Table Al, Unpublished MPC creep rupture data 


Material 

Spec 

No 

Temp 

C 

* 

Stress 

KSI 

T f 

HRS 

4 

RA 

D c 

2.25C;-lMo, Normalized 

602 

S40 

40.00 

60 

78.3 

1.56 

and Tempered 

601 

540 

35.00 

206 

81.3 

1.68 

603 

540 

30.00 

1428 

70.3 

1.21 


6DS 

540 

27,00 

4473 

57.6 

0.86 

2.2SCr-lMa, Quenched 

708 

485 

65.00 

638 

73.3 

1.23 

aud Teniporud 

711 

485 

60,00 

1GC'4 

67.3 

1 .12 

712 

485 

55,00 

4 681 

56.7 

0.84 

Typo 304 Stainless Steel, 

816 

650 

27.35 

166 

30.5 

0.41 

Solution Anneal 

313 

650 

25,00 

645 

28.0 

0.33 


814 

650 

22.50 

2635 

18.2 

0.20 


811 

650 

20.00 

5656 

13.2 

0.14 


... 

565 

35.80 

2735 

17.7 

0.20 

IKsi n 6,89 MPa t 


565 

30.00 

23733 

8.6 

0.09 
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ys 


Table 1 MPC Creep-fatigue I nterspers Ion test results 
and Time- and Cycle-Fraction method life predictions 

%a) ICr-lMo-O ,‘25V, Normalized and Tempered, tested at 540C 

* 

TSR Crisp istrsti Hold tins Tr Cycle Tim', MLS. MPRE HOBS 

Tut Ho. n 1 Kil hr hr friction fraction NPRE cycles cycles 


HI* 

HU 

1 l 3 E 

1131 

11311 

US* 

I1S1 

1151 * 

use 

im 

1821 

1151 

1CII 

1CH1 

1 C 21 

1CJ1 

1 G 51 

ICS* 

uni 

1011 

1031 

1051 

1100 

1C00 

1101 

Hoi 


0.55 

39.03 

1,50 

39.00 

0.55 

39.00 

1 .S 0 

39.00 

1.50 

39.03 

0 .S 5 

39.00 

1.50 

39.00 

1.50 

39.00 

1.10 

36.53 

1.50 

36.50 

1.50 

36. 50 

1.50 

36,50 

0.55 

32.50 

1.50 

32.00 

1.50 

32,00 

0.55 

32.00 

1.50 

32.00 

0.55 

’ 32.00 

1.50 

27.50 

1.50 

27.50 

1.50 

27.50 

1.50 

27.50 

0.00 

39.00 

0.00 

32.00 

0.00 

39.00 

0.00 

13.60 


33 

33 

33 

33 

33 

33 

33 

33 

17 

*7 

33 

33 

*7 

17 

33 

33 

33 

33 

3 ?, 

07 

33 

33 

33 

33 

33 

31 


617 

533 

731 

31 $ 

$06 

571 

310 

375 

1175 

mo 

985 

171 

3992 

1111 

3019 

3621 

576 

3000 

mi 

7083 

1571 

576 

620 

3780 

671 

195 


0.009 

0.063 

0.033 

0.116 

0.223 

0.106 

0,606 

0.176 

0.038 

0.061 

0.202 

0.865 

0.025 

0.251 

0.625 

0.169 

1.062 

0.573 

0.603 

0.133 

0.719 

1.082 

0.000 

0.000 

0.000 

0,000 


0,617 

0,523 

0,734 

0.315 

0,506 

0.571 

0,310 

0.275 

0.393 

0.170 

0.328 

0.157 

0,399 

0,112 

0,302 

0,362 

0.057 

0,300 

0.160 

0.236 

0.052 

0.019 

0.630 

0,378 

0.671 

0.075 


0.70 

0.59 

0.77 

0,19 

0.73 

0,61 

0.97 

0,75 

0.13 

0,56 

0.53 

1.02 

0.12 

0.66 

0,93 

0.53 

1.11 

0,17 

0,76 

0.67 

0.77 

1.10 

0.62 

0.31 

0.67 

0.98 


12 

31 

10 

21 

28 

35 

15 

IS 

58 

51 

70 

20 

191 

131 

110 

296 

22 

119 

271 

221 

88 

33 

13 

133 

209 

51 


29 

23 

31 

11 

21 

21 

11 

11 

21 

29 

12 

20 

61 

67 

130 

1$7 

25 

130 

209 

150 

£6 

25 

26 
161 
110 

S3 


(b) lCr-lMo-0.25V, Normalized and Tempered, tested at 485C 




TSK 

X 

Creep stress 

Hold time Tr 

Cycl e 

Time 

HODS 

•IPRE 

11-65 

Tost Ho. 

n 

1 

Ksl 

hr 

hr 

fraction 

fraction 

NPRE 

cycles 

cycles 

3018 

i 

0.55 

19.50 

17 

1306 

0.005 

0.135 

0.11 

61 

27 

3811 

i 

1,50 

19.53 

17 

1111 

0.090 

0.181 

0.57 

53 

30 

3821 

2 

1.50 

R9.50 

23 

988 

0.210 

0.329 

0.51 

78 

12 

3031 

5 

1.50 

19.50 

23 

1119 

0.539 

0.383 

0.92 

53 

19 

3B5E 

22 

0,55 

19,50 

23 

1119 

0.129 

0.373 

0.50 

96 

18 

3C11 

1 

1.50 

15.09 

17 

1120 

0.261 

0.112 

0.67 

129 

67 

3C1E 

1 

0.55 

15.00 

17 

1531 

U.017 

0.153 

0.17 

201 

51 

3C21 

2 

1.50 

15.00 

23 

3353 

0.725 

0.335 

1.06 

137 

115 

3C21 

2 

0.55 

15.00 

23 

3131 

0.011 

0.313 

0,39 

385 

119 

3c3o 

5 

0,55 

15.00 

23 

3716 

0,105 

0.372 

0.18 

338 

161 

3CJ1 

5 

1.50 

15.00 

23 

1992 

1.916 

0.198 

1.15 

75 

66 

3C52 

22 

0.55 

15.03 

23 

3066 

0.356 

0.307 

0.66 

2D1 

133 




(c) 2 ,25Cr-lMo, 

annealed, tested at 

540C 





T5H 

Creep stress 

Hold 

time Tf 

Cycl o 

Tina 

Mia 

NPRE 

NOUS 

Tost Ho, 

n 

1 

H-1 

hr 

hr 

fraction 

fraction 

NPRE 

cycle* 

cycles 


211 il 

1 

0.55 

22.50 

47 

3179 

0.027 

3.179 

3.21 

21 

67 

2111 

1 

1.50 

22.50 

23 

3213 

0,227 

3.213 

3.17 

41 

111 

2118 

1 

2.30 

22.50 

17 

2776 

0.251 

2.776 

3.02 

19 

59 

2128 

2 

2.70 

22,50 

23 

1691 

0.524 

1*591 

2.21 

53 

73 

2138 

5 

0.55 

22.50 

23 

2379 

0.155 

2,379 

2,53 

.41 

103 

2131 

5 

1.50 

22.50 

23 

1710 

0.444 

1.710 

2 . IB 

34 

75 

21311 

5 

1.50 

22.50 

23 

2186 

0.566 

2.166 

2.75 

35 

96 

2*686 

11 

2.30 

2 , 1.50 

23 

Oil 

1.289 

0.911 

2.20 

IB 

39 

215 8 

22 

0.55 

22,50 

23 

1971 

0.523 

1.971 

2.19 

34 

85 

2 A 5 A 

22 

1.50 

22,50 

23 

690 

0,701 

0.690 

1,37 

21 

29 

215 11 

22 

1.50 

22.50 

23 

667 

0.702 

0.667 

1.37 

21 

29 

2611 

i 

1,50 

19.50 

23 

1661 

0.326 

1.555 

1,88 

107 

202 

2631 

5 

1.50 

19.50 

23 

2135 

0.511 

0.712 

1.26 

73 

92 

2100 

0 

0.00 

22,50 

23 

228 1 

0.000 

2,227 

2.28 

43 

99 

2800 

0 

o.oo 

19.50 

23 

5519 

0.000 

1»818 

1,85 

130 

241 

2*019 

0 

0.00 

22.50 

23 

2293 

0.000 

2.293 

2.29 

62 

143 

2 P 0 JC 

0 

0.00 

26 . 00 

2 * 

750 

0.000 

2,500 

2.50 

16 

39 


*lKsi = 6.89 MPa 
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(d) 2.25Cr-lMo, Normalized and Tempered, tested at 540C 




TSH 

Creep strcs2* 

Hold tlfflfl 

Tr 

Cycle 

Tine 

ilQJli 

NPRE 

lisas 

Test Ho. 

A 

t 

Kit , 

hr 

hr 

fraction 

fraction 

NPRE 

eyelet 

cycles 

6111 

t 

1.50 

31.00 

23 

1161 

0.112 

1.161 

1.27 

39 

to 

61*1 U 

i 

0.55 

31.00 

67 

655 

a. 007 

0.655 

0,66 

19 

13 

61 H Q 

i 

2.10 

31.00 

*7 

lisa 

0.120 

1.156 

1.29 

19 

2U 

6A28 

2 

2.20 

31.00 

23 

1006 

0.3(1 

1,004 

1.38 

31 

til 

bOK 

S 

0.55 

31.00 

23 

755 

0.059 

0.755 

0.11 

39 

12 

6UA 

s 

1.50 

31.00 

23 

956 

0.351 

0.966 

1.31 

32 

H2 

616 0 

It 

2.30 

31.00 

23 

646 

0.776 

0,466 

1.24 

15 

19 

6A5 E 

22 

0.55 

31.00 

23 

257 

0.075 

0.257 

0.33 

30 

10 

6l$£E 

22 

0.55 

31.00 

23 

260 

0,077 

0,260 

0.34 

30 

11 

(ASA 

22 

1.50 

31.00 

23 

326 

0.6GB 

0,327 

0.71 

18 

1 

6A5AA 

22 

1.50 

31.00 

23 

546 

0.501 

0.346 

0.8$ 

18 

13 

6 D 4 E 

1 

0.55 

27.50 

#7 

2824 

0.030 

0.941 

0.97 

62 

60 

681 A 

t 

1.50 

27.50 

23 

2530 

0,266 

0.843 

1.08 

101 

110 

68JA 

5 

1.50 

27.50 

23 

1619 

0,699 

0.473 

0,96 

63 

6 1 

6851 

22 

0.55 

27.50 

23 

733 

0.233 

0.244 

0.48 

65 

31 

6 35 A 

22 

1.50 

27.50 

23 

307 

0.569 

0.132 

0.70 

24 

17 

bB5AA 

22 

1.50 

27.50 

23 

366 

0.502 

0.115 

0,62 

24 

15 


(e) 

2.25Cr-lMo, Quenchec 

and 

Tempered 

, tested at 

4 8 5C 




TSH 

„ * 
Creep itreii 

1<o|d time 

Tf 

Cycl o 

Time 

I109S 

NPRE 

JtOEJS 

Tost MO, 

n 

X 

Ktl 

hr 

hr 

fraction 

fraction 

NPRE 

cycles 

cycles 

7m 

t 

0.55 

62.50 

*7 

1116 

0.005 

1.114 

1.12 

21 

23 

7»n-: 

1 

1,50 

62.50 

23 

735 

0,098 

0.735 

0,83 

57 

3! 

7* ID 

t 

2.30 

62.50 

17 

712 

0.085 

0.712 

0,80 

19 

15 

782B 

2 

2.30 

62.50 

23 

cec 

0.276 

0.687 

0.96 

30 

29 

7UI 

5 

1.50 

62.50 

23 

629 

0.313 

0.629 

0,94 

20 

27 

78SB 

22 

0.55 

62.50 

23 

759 

0.097 

0.749 

0.85 

38 

22 

7858 

22 

2.30 

62.50 

23 

222 

0.764 

0.222 

0.98 

9 

9 

7848 

1 

0.55 

57.00 

47 

2256 

0.010 

0.752 

0.76 

63 

48 

7BU 

1 

1.50 

57.00 

23 

1772 

0.244 

0.593 

0,84 

92 

77 

7B3E 

5 

0.55 

57.00 

23 

2091 

0.067 

0.097 

0.76 

118 

90 

7B38 

s 

1.50 

57.00 

23 

1173 

0.592 

0.391 

0.98 

52 

51 

70S, 

22 

0.55 

57.00 

23 

1786 

0.233 

0,595 

0.63 

93 

77 


< f ) 

Type 

304 

Stainless 

Steel , 

Sol 

ut Ion 

Annealed, 

tested at 

540C 

* 


TSI! 

Creo / strcsJ^ 

Hold tJmo 

Tf 

CVClo 

Time 

HOBS 

NPRE 

nous 

Tost No 

• n 

X 

1st 

hr 

hr 

fraction fraction 

NPRE 

cycles 

cycl es 

6B4E 

i 

0,55 

2.00 

47 

1490 

0.011 

0.497 

0,51 

61 

3 1 

8944 

i 

1.50 

2.00 

47 

1414 

0,119 

0.471 

0.50 

si 

30 

8528 

2 

1.50 

2, DO 

21 

967 

0.279 

0.322 

O.CO 

70 

42 

Belli 

5 

0.55 

1 2,00 

22 

1050 

0.062 

0.350 

0,41 

100 

45 

8838 

5 

1.50 

' 2.00 

23 

610 

0.394 

0.210 

0,60 

45 

27 

0851! 

22 

0.55 

12.00 

23 

1012 

0.250 

0.33 7 

0.59 

70 

44 

8854 

22 

1.50 

22.00 

23 

230 

0.597 

0.077 

0,67 

15 

1 0 

8C4S 

1 

0.55 

17.00 

47 

4618 

0.037 

0.461 

0.51 

197 

98 

8C44 

1 

1.50 

17.00 

47 

2542 

0.215 

0.254 

0.47 

115 

54 

BC24 

2 

1.50 

17.00 

23 

1380 

0.398 

0.138 

0.53 

112 

CO 

6C3E 

5 

0.55 

17.00 

23 

2793 

0,168 

0.278 

0.45 

252 

121 

SC 14 

5 

1 'a 

17.00 

23 

1498 

0.948 

0.149 

1.10 

‘ 59 

65 

RC5.E 

22 

-.55 

17.00 

' 23 

1507 

0.370 

0.151 

0.52 

125 

65 

8CS4 


1.50 

17.00 

23 

391 

1.013 

0.039 

1.05 

16 

17 

8C00 

0 

0.00 

17.00 

23 

6357 

0.000 

0.636 

0,64 

434 

276 


(g) 

Type 

304 

Sta Inless 

Steel , 

Sol 

ut Ion 

Anneal ed, 

tested at 

565C 



TSH 

Croon stress* 

Hold time 

Tf 

Cycle 

Time 

Mai NPRE 

HOBS 

Test 

Ho. n 

X 

Ksl 

hr 

hr 

fraction 

fraction 

NPRE cycles 

eye lot 


984 l 

1 

0.55 

35.03 

47 

679 

0.004 

0.226 

0.23 

61 

14 

9848 

1 

1.50 

35.00 

47 

1608 

0.234 

0.53B 

0.77 

44 

34 

98488 

1 

1.50 

35.00 

47 

920 

0,131 

0.307 

0.44 

43 

19 

9838 

5 

1.50 

35.00 

23 

186 

0.202 

0.062 

0.26 

30 

6 

98388 

5 

1.50 

35.00 

23 

245 

0,252 

0.082 

0.33 

30 

10 

9838 

5 

0.55 

35.03 

23 

776 

0,039 

0.255 

0,29 

112 

33 

9858 

22 

0, 55 

35.00 

23 

359 

0.072 

0.120 

0.19 

78 

15 

90S* 

22 

1.50 

35,00 

23 

106 

0.413 

0.035 

0.45 

9 

4 

9C4 88 

1 

0,55 

31.50 

47 

2529 

0.017 

0,253 

0.27 

190 

S3 

9C488 

1 

1,50 

31,50 

47 

2063 

0.294 

0.206 

0.50 

86 

43 

9CJE 

5 

0,55 

31.50 

23 

3742 

0.193 

0.376 

0.57 

286 

162 

9038 

5 

1.50 

31.50 

73 

736 

0.807 

0.074 

0.BS 

36 

32 

9C58 

22 

0.55 

31.53 

23 

1018 

0.214 

0,102 

0.31 

139 

44 


*lKsi = 6.89 MPa 
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Table 2 SRP analysis of MPC test results summing damage every cycle 
(a) lCr-lMo-Q. 25V, Normalized and Tempered, tested at 540C 


J>amagg-£r.ag.U.flns 

fatigue creep period 
Test No. PP PP CP 


NOBS NPRE NOBS 

NPRE cycles cycles 


niE 

0.009 

0.006 

0.686 

0.70 

41 

29 

1A1A 

0.047 

0.007 

0.973 

1.03 

21 

22 

1A3E 

0.048 

0.007 

0.753 

0.81 

38 

31 

U3A 

0.167 

0.009 

0.623 

0.80 

18 

14 

1AJAA 

0.229 

0.008 

1.138 

1.30 

15 

21 

USE 

0.204 

0.003 

0.836 

1.04 

23 

24 

USA 

0.680 

0.008 

0.736 

1 .42 

10 

14 

1A5AA 

0.592 

0.005 

0.765 

1.36 

8 

11 

me 

0.034 

0.004 

0.465 

0.50 

48 

24 

mA 

0.067 

0.006 

0.533 

0.61 

48 

29 

1 B2A 

0.192 

0.015 

1.087 

1.29 

32 

42 

1B5A 

1.086 

0.006 

0.224 

1.32 

15 

20 

1C4E 

0.022 

0.014 

0.617 

0.65 

129 

84 

1C4A 

0.213 

0.012 

0.525 

0.75 

116 

87 

1C2A 

0.588 

0.020 

0.767 

1 .37 

95 

130 

1C3E 

0.218 

0.015 

0.367 

0.60 

261 

157 

1C5A 

1.199 

0.004 

0.105 

1.31 

19 

25 

1C5E 

0.601 

0.012 

0. 132 

0.75 

174 

130 

IDT A 

0.472 

0.014 

0.334 

0.82 

255 

209 

1D4A 

0.375 

0.011 

0,267 

0.65 

230 

150 

1D3A 

0.905 

0.004 

0.109 

1 .02 

67 

68 

1D5A 

1.214 

0.005 

0.110 

1.33 

19 

25 

1 A00 

0.000 

0.007 

0.678 

0.6B 

38 

26 

icoo 

0.000 

0.019 

0.332 

0.35 

467 

164 

1 A ON 

0.000 

0.055 

1.275 

1.33 

105 

140 

IVOR 

0.000 

0.132 

2.098 

2.23 

24 

53 


(b) 

Test No. 

10r-lMo-0.25V, 

Damage., 
fat 1 gue 
PP 

Normalized and 

fractions 

creep period 
PP CP 

Tempered, 

NOBS. 

NPRE 

tested at 

NPRE 

cycles 

485C 

NOBS 

cycles 

3B4E 

0.005 

0.017 

1.067 

1.09 

25 

27 

384 A 

0.055 

0.018 

1.171 

1.24 

24 

30 

3B2A 

0.170 

0.019 

0.397 

0.59 

72. 

42 

3B3 A 

0.580 

0.040 

1.100 

1.72 

29 

49 

3J35B 

0.257 

0.029 

1.348 

1.63 

29 

40 

3C41 

0,204 

0.034 

0.899 

1.14 

77 

67 

3C4B 

0.019 

0.042 

1.237 

1.30 

74 

9b 

3C2A 

0.557 

0.065 

0.778 

1.40 

104 

145 

3C2E 

0.048 

0.065 

0.951 

1.06 

140 

149 

3C3E 

0.130 

0.078 

1.236 

1 .44 

111 

161 

3C3A 

0.893 

0.039 

0.436 

1.37 

63 

.66 

3C5E 

0.663 

0.045 

0.558 

1.27 

105 

133 


( continued) 


18 


(c) 2.25Cr-lMo, annealed, tested at 540C 


Test 


2A4K 
2A U 
214 B 
2A2B 
2A3E 
2 A 3A 
2 A3 A A 
2A6BB 
2A5E 
2A5A 
2A5AA 
2B 1 A 
2B3 A 
2A00 
2B00 
2A0« 
2P0K 


Test 


6A1A 
6 A 4 £ 
6A4B 
6A2B 
6A3E 
£ A 3 A 
6 A 6 B 
6 A5E 
6A5EE 
6 A 5 A 
6A5AA 
6B4E 
6B1 A 
6B3 A 
6B5E 
6B5A 
bB5AA 


Damage fractions 

fatigue creep period 
No. PP PP CP 


NOBS HPRE NOBS 

NPRE cycles cycles 


0.017 

0.006 

0.228 

0.022 

0. 173 

0.011 

0.410 

0.003 

0. 199 

0.011 

0.463 

0.006 

0.778 

0.010 

1.229 

0.004 

0.630 

0.010 

1.124 

0.006 

1.002 

0.005 

0.327 

0.009 

0.730 

0.005 

0.000 

0.0 12 

0.000 

0.021 

0.000 

0.029 

0.000 

0.028 


1.391 

1.41 

1.071 

1.32 

1.217 

1.40 

0.469 

0.89 

0.797 

1.01 

0.583 

1.05 

0.682 

.47 

0.193 

1.43 

0.612 

1.25 

0.192 

1.32 

0.263 

1.27 

0.501 

0.84 

0.146 

0.88 

1.200 

1.21 

0.875 

0.90 

1.281 

1.31 

1.608 

1.64 


47 

67 

107 

141 

42 

59 

82 

73 

102 

103 

71 

75 

65 

56 

27 

39 

68 

05 

23, 

29 

23 

29 

241 

202 

104 

92, 

82 

99 

269 

241 

109 

143, 

24. 

39 


(d) 2.25Cr-lMo, Normalized and Tempered, tested at 540C 


No. 


Damage 

fat 1 gue 
PP 

fra cl io 
creep 
PP 

OS 

period 

CP 

-MQ8.5- 

NPRE 

NPRE 

cycles 

NOBS 
cycl es 

0.099 

0.005 

0.491 

0.59 

84 

50 

0.006 

0.002 

0.814 

0.82 

16 

13 

0.091 

0.002 

0.606 

0.70 

34 

24 

0.339 

0.006 

0.417 

0.76 

56 

43 

0.053 

0.003 

0.835 

0.89 

36 

32 

0.403 

0.007 

0.379 

0.79 

53 

42 

0.800 

0.002 

0.084 

0.89 

21 

19 

0.080 

0.003 

0.981 

1 .G6 

10 

11 

0.091 

. 0.003 

0.920 

l.ttl 

11 

10 

0.624 

0.002 

0.057 

0 .68 

21 

14 

0.561 

0.003 

0.195 

0.76 

17 

13 

0.018 

0.005 

0.968 

0.99 

61 

60 

0.213 

0.004 

0.203 

0.42 

261 

110 

0.605 

0.003 

0.139 

0.75 

82 

61 

0.278 

0.008 

0.944 

1.23 

25 

31 

0.830 

0.003 

0.061 

0.89 

19 

17 

0.619 

0.002 

0.085 

0.71 

21 

15 


( cont i nued) 
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(e) 2 .25Cr~lMo, Quenched and Tempered, tested at 485C 


Damage. .fractions 

fatigue creep period 
Test No. pp’ pp CP 


MBS NPRE NOBS 

NPRE cycles cycles 


7 A4E 

0.001 

0.016 

0.643 

0.66 

35 

23 

7A1 A“2 

0.C58 

0.015 

0.471 

0.54 

57 

31 

7A4B 

0.068 

0.008 

0.311 

0.39 

39 

15 

7A2B 

0. 229 

0.019 

0.560 

0.81 

36 

29 

7A3A 

0. 233 

0.014 

0.669 

0.92 

30 

27 

7A5B 

0.090 

0.014 

0.485 

0.59 

54 

32 

7A5B 

0.837 

0.004 

0.067 

0.91 

10 

9 

7 34 E 

0.012 

0.012 

0.266 

0.29 

165 

48 

VB1A 

0. 171 

0.019 

C. 250 

0.44 

175 

77 

7 o 3 L 

0.030 

0.027 

0.395 

0.45 

199 

90 

7 u 3 a 

0.581 

0.018 

0.305 

0.90 

56 

51 

7B5E 

0. 164 

0.018 

0.300 

0.48 

160 

77 

(f) Type 

304 Stainless Steel, 

Sol ut Ion 

Annealed, 

tested at 

6S0C 


Damage. 

fractions 





fatigue 

creep 

period 

MM 

NPRE 

NOBS 

Test No. 

PP 

PP 

CP 

NPRE 

cycles 

cycles 

8B4 E 

0.012 

0.002 

0.942 

0.96 

32 

31 

BB4A 

0.088 

0.002 

0.735 

0.83 

36 

30 

BB2 A 

0.264 

0.002 

0.352 

0.62 

68 

42 

8B3E 

0.059 

0.004 

1.388 

1.45 

31 

45 

SB3A 

0.447 

0.002 

0.332 

0.78 

35 

27 

8B5E 

0.310 

0.003 

1.565 

1.88 

23 

44 

8B5A 

0.628 

0.004 

0.126 

0.76 

. 13 

10 

8C4E 

0.034 

0,001 

0.703 

0.74 

133 

98 

BC4A 

0.163 

0.001 

0.368 

0.53 

102 

54 

8C2A 

0. 338 

0.002 

0.213 

0.55 

109 

60 

8C3E 

/ 0.236 

'0.001 

0.482 

0.72 

168 

121 

aC3A 

0.915 

0.001 

0.196 

1.11 

58 

65 

QC5E 

0.482 

0.001 

0.180 

0.66 

98 

65 

8C5A 

1. 114 

0.000 

0.028 

1.14 

15 

17 

8C00 

0.000 

0.002 

0.746 

0.75 

369 

276 

(g) Type 304 Stainless 

Steel , 

Solution 

Annealed, 

tested at 

565C 


Damage 

..f.ra.c.t.l£ii5 





fat 1 gue 

creep 

period 

MM 

NPRE 

NOBS 

Test No. 

PP 

PP 

CP 

NPRE 

cycles 

cycles 


9B4E 
9 B4 A 
9B4AA 
9B3A 
9B3AA 
9B3E 
9B5B 
9B5A 
9C4EE 
9C4AA 
9C3E 
9C31 
9C5B 


0.002 

0.100 

0.226 

0.33 

43 

0.147 

0.015 

0,499 

0.66 

51 

0.093 

0.076 

0.266 

0.46 

42 

0.165 

0.069 

0 . 04'e 

0.26 

29 

0.202 

0.064 

0.046 

3.31 

32 

0.017 

0.067 

0.143 

0.23 

145 

0.071 

0.057 

0.123 

0.25 

60 

0.484 

0.063 

0.037 

0.58 

7 

0.011 

0.054 

0.552 

0.62 

86 

0.186 

0.043 

0.265 

0.49 

87 

0. 126 

0.051 

0.496 

0.67 

241 

0.637 

0.045 

0.122 

0.80 

40 

0.208 

0.035 

0. 169 

0.41 

107 


14 
34 
19 

n 

O 

10 

33 

15 
4 

53 

43 
162 

32 

44 


Table 3 SRP analysis of MPC test results 
using average strains during creep period 


(a) lCr-lMo-O.JiSV, normalized and Tempered, 


tested at S40C 


Tut Ho. 


tnc 
U II 
lilt 
till 
Ulu 
11SE 
11S1 

usu 

161C 

lam 

1 B21 

last 

icm 

tem 

1C21 

1C2E 

1CS1 

fCSE 

1DH 

1041 

1011 

lost 

1100 

tcoo 

lion 

1T01 


l.ralnrenre valuei 1 


fltltue 

4c yr 


creep period 
4t ix T tt Fcr ' 


flaaaxaJbacliBia 

f.tlgue creep period 

PP PP CP 


(i.2t 

1 . 0 } 

0.22 

1.12 

1.0b 

0.26 

1.05 

1.11 

0. 72 
1,09 
1.0E 

1. IS 

0. 1g 

1. u 
1.07 
0.20 
1.01 
0.1S 
0.07 
1.16 
1.22 

1. 05 


2.220 

0.96 

i.iao 2* #k 

0.96 

2.091 M* 

0.96 

1.115 

0.93 

1.778 ®.01 

0.96 

2.5t7 0*02 

0.96 

3.959 n *95 

0.9! 

1.675 0.03 

0.07 

2.067 0.0} 

0.97 

2.021 0.01 

0.96 

2.507 0.06 

0.91 

1.739 0.07 

9.95 

1.110 0.07 

0.95 

1.097 o.nc 

0,91 

1.076 0.07 

0.0} 

0.617 0.01 

0.92 

0.651 0.10 

0,90 

0.399 0.11 

o.ec 

0,175 0.01 

fi.92 

0.519 0.07 

0.95 

0.101 9.0T 

9.95 

0.719 0.11 

0.86 

2.365 0.05 

9.95 

0.601 0.11 

0.19 

1.721 W.09 

0.91 

1.101 0.19 

9. El 


0.004 
0.0(7 
0.01B 
0.167 
0,229 
0.201 
0. 660 
0.S92 
0.011 
0.067 
0. 192 
1.060 
0.022 
0.211 
0.560 
0.216 
1.199 
0.601 
2.172 
0.175 
0.905 
1.211 
0,000 
0.000 
o.ooo 
0.000 


o, one 

0.121* 

0.O07 

9,562 

0,006 

0,106 

0.009 

O.st) 

0.006 

0.710 

0,90) 

0.152 

0.001 

0.526 

0.005 

0.557 

0,401 

0.)!0 

0,006 

0.5 59 

0.015 

0.75) 

0*006 

0.186 

0.015 

0.590 

0.012 

0.581 

0.O19 

0.550 

0.016 

0.270 

O.nni 

0.061 

0.012 

0.695 

P.011 

0.221 

0.011 

0,201 

0.005 

0.056 

o.oo; 

0.050 

0,007 

0.115 

0.O19 

0.250 

0.951 

1.250 

0 .01) 

2.056 


UUH5 NPRE HODS 

NPRE eyelet eyelet 


0.11 

67 

29 

0.61 

15 

22 

0.16 

67 

11 

0,66 

25 

11 

0,96 

21 

21 

0,66 

16 

24 

1.21 

12 

14 

1.15 

10 

11 

0.35 

69 

24 

0.91 

67 

25 

0.91 

16 

12 

1.26 

16 

20 

0.11 

198 

01 

0.61 

111 

67 

1. 16 

112 

110 

0,50 

111 

157 

1.27 

20 

25 

0.71 

163 

130 

0.71 

295 

209 

0.59 

251 

150 

0.96 

71 

66 

1.27 

20 

25 

0.12 

62 

2b 

0.27 

609 

HI 

1.10 

107 

140 

2.17 

24 

53 


(b) lCr-lMo-0.25V, Normalized and Tempered, tested at 485C 


Tett No. 


loot 

1511 

1021 

2811 

lOSE 

lem 

icm 

3021 

1C2I 

ids 

icu 

lost 


— Sn-JJnramc values i 
retlRue creep period 

4c rp 6c t|( Fff Pep 


0.15 
0.90 
0.9E 
1.11 
o. 1 a 
1.10 
0.15 
0.91 
0,11 
0.1} 
1,00 
0.17 


2.751 

2.671 

1.152 

2.271 

2.216 

1.152 

1.606 

1.069 

1.151 

1.23} 

1.067 

0.625 


0.09 

0.01 

0 . 1 } 

0 . 1 } 

0.10 

0.12 

0.11 

0.19 

0.17 

0.17 

0.19 

0.19 


0.91 

0.92 

0.17 

0.67 

0.90 

0.66 

0.1S 

0.11 

0 . 6 } 

0 . 6 } 

0.11 

0.11 


Parnate ff actions. 


fatigue 

PP 

creep 

PP 

period 

CP 

0.005 

0,017 

0.646 

0.055 

0.017 

0.779 

0.170 

0.017 

0.329 

0.560 

0.0)8 

0.170 

0.257 

0.028 

0.850 

0.209 

0.752 

0.692 

0.019 

0 ,0I>0 

0.907 

0.557 

0.062 

0.655 

0.040 

0.072 

0.751 

0. 110 

0,074 

0.921 

0.091 

0.057 

0.374 

0.6(1 

0.041 

0.377 


ItflflS NPRE NOBS 

NPRE eyelet eyelet 


0.67 

40 

27 

0.65 

35 

30 

0.52 

61 

12 

1.49 

11 

19 

1. 11 

12 

10 

0.93 

91 

67 

0.97 

99 

9b 

1.20 

111 

115 

0.67 

171 

119 

1.11 

143 

161 

1.30 

61 

66 

1.00 

121 

111 


Tett No. 

{ c ) 2 . 25Cr-‘lMo 

, annealed, 

ftumate 

tested at 

rartl.ins 

540C 

linns 

IIPRE 

NPRE 

eyelet 

MOBS 

cycles 

fat li;uo 
6c„ 

creep period 
4 c 1R F P7 F « 

fatigue 

PP 

creep 

PP 

period 

CP 

2 14 E 

G,2I * 

2.954 0,02 

0.98 

0.017 

0.00G 

1.350 

1.28 

49 

67 

2111 

1,23 

1.661 0.07 

0*93 

0.22O 

0.022 

1.013 

1.29 

109 

Ml 

2146 

1,98 

2.960 o.Ol 

0*96 

0.171 

0,012 

1.116 

1.37 

42 

59 

2126 

1,91, 

1.256 0.02 

0*98 

0.4 16 

0.005 

0.102 

0.62 

69 

73 

2118 

0 1 38 

1.611 0.05 

0.95 

0. 199 

0.011 

0.761 

0.97 

106 

103 

2111 

G .99 

1.617 0.03 

0*97 

0.462 

0.805 

0.519 

1.02 

71 

75 

21111 

1,23 

1,511 o.OS 

0.95 

0.778 

0.010 

0.610 

1.11 

67 

96 

21666 

1,91! 

1.291 0.06 

0.9* 

1.229 

0.091 

0.190 

1.42 

27 

39 

2161 

0.35 

1.572 0.05 

0,95 

0.620 

0.010 

0,589 

1.22 

70 

05 

2151 

1,21 

1.180 0.10 

0.90 

1.124 

0.006 

0,175 

1.31 

21 

29 

21511 

1,20 

1.627 0.07 

0.93 

1.002 

0.001 

0.207 

1.21 

24 

29 

2611 

X .23 

0.611 0,05 

0.95 

0.327 

0.009 

0.162 

0.62 

247 

202 

2011 

1,21 

0*592 0.09 

0.91 

0.730 

O.POS 

0.120 

0.65 

108 

92 

2lOa 


2.160 0.01 

0.96 

0.000 

0.012 

1.166 

1.18 

81 

99 

2600 


1.070 0.06 

0.9* 

0,000 

0.021 

0.IS7 

0.66 

275 

2*1 

2106 

— p. 

1.671 0.07 

0.93 

0.000 

0.029 

1.278 

1.31 

109 

1*3 

2FAE 

«• m 

4.711 0.08 

0.92 

0.000 

fi .028 

1.605 

1.61 

21 

39 


(cont inued) 
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(d) 2.25Cr-lMo/ Normalized and Tempered/ tested at S40C 



St r/i Inr/min vntuei t 





Tilt No. 

feclgu* 

4 'pp 

craap period 
4 *i)i r tr T et 

feclfue 

PP 

creep period 
Pf CP 

IMS 

NPKE 

HPHE 

cycle* 

N09S 

cycle* 

till 

1.27 

1.202 o,0< 0.95 

0.099 

0*005 0*599 

0.50 

99 

50 

HU 

0.21 

2.9<3 0,02 0.91 

0.006 

0,002 0*556 

0.54 

24 

13 

<141 

2.15 

7.178 0.02 0.9S 

0.091 

0,002 0 *111 

0.56 

43 

2* 

<121 

2.03 

1.408 0.05 0.95 

0.239 

0.006 0.560 

0.70 

61 

43 

<m 

0.21 

2*297 0.02 0,91 

0.053 

0 f 005 0 *610 

0.67 

49 

32 

<121 

1.14 

1,271 0.07 0,93 

0,402 

0*007 0*330 

0.74 

57 

42 

<161 

1.91 

1.030 0,06 0.94 

0.800 

0.002 0,001 

0.86 

22 

10 

<151 

8.21 

1.851 o.02 0,91 

0.080 

0*00? 6*055 

0.72 

IS 

11 

<1511 

0.32 

t.98< 0 02 0 91 

0.091 

0 * 003 p 0*665 

0.76 

14 

11 

6151 

1.19 

0-976 olo7 Olsi 

0.624 

0.002 0*053 

0.68 

21 

14 

• 1511 

1.16 

1.920 o.OS 0.94 

0.561 

0*003 0*15* 

0.72 

18 

13 

<141 

0.28 

. 1.403 0.03 0.97 

0.018 

0,005 0.71* 

0,74 

61 

60 

6BU 

1.15 

0.505 0.05 0.95 

0,213 

0*00* 0.115 

0.40 

272 

110 

6121 

1.17 

0.559 0,08 0.94 

0.605 

0.003 0,123 

0.71 

84 

61 

<151 

0.33 

2.725 o.05 0.95 

0.278 

0*001 0,670 

0.96 

32 

31 

<151 

1.21 

0.889 o.ll 0.89 

0.820 

0,003 0*033 

0.89 

19 

17 

<1511 

1.12 

0.954 0.01 0,92 

0.619 

0.002 0,054 

0.61 

22 

15 

(e) 2.25Cr-lMo/ Quenched and Tempered/ tested at 485C 

SZealntMM *«'■»•« * _ DamJIM rnrtlnaa 

Iasi No. 

fltlfU* 

creep period 

f.tlgue 

creep period 

HOPS 

HPHE 

NOBS 

1C„ 

4t IP F rP F CP 

PP 

PP CP 

NPRE 

cycle* 

cycle* 

7141 

0.05 

2. 180 0.12 0.11 

0.001 

0.017 0.421 


52 

23 

31 
15 
29 
27 

32 

7111-2 

0.16 

1.822 0,11 0,19 

0.058 

0.014 0.327 


78 

7141 

1.7* 

2.041 0.09 0,91 

0.068 

0.008 0,233 

6*ii 

0*67 

*8 

7121 

1.55 

2.022 0.12 0,11 

0.229 

0,019 0,425 

42 

7121 

7151 

0.10 

1.10 

2.048 0.09 0.91 

1.802 0,10 0,90 

0. 222 
0.090 

0.014 0.408 

0.014 0,328 

0*65 

41 

74 

7151 

1 *6* 

t.4S< 0,13 0.17 

0.837 

0.004 0,057 


10 

7141 

0*17 

0.919 0.14 0.16 

0.012 

0.012 0.200 

0.22 

0.41 

21* 

48 

77 

90 

51 

77 

7111 

0.91 

0.<«t 0.17 0.13 

0.171 

0.019 0.219 

183 

7121 

0.06 

0.761 0.11 0.12 

0.030 

0.027 0,313 

2*4 

7121 

1.00 

1.010 0,15 0.95 

0.531 

0,018 0.251 

0.8$ 

60 

7SS 2 

0.OI 

0.718 0,15 0,85 

0. 164 

0.018 0.243 

0.42 

191 

f) Type 

304 Stainless Steel/ 

Solut 1 

on Annealed, 

frartloni 

tested at 

650C 


f.tlgue 

creep period 

fatigue 

creQp period 

UQBS 

NPRE 

HOES 

Tail Ho. 

u„ 

4 «ji, f pp F er 

PP 

PP CP 

IIPRE 

cyclfa* 

cycle* 

<141 

0.35 

0.522 0.06 0.94 

0.012 

0,001 0,141 

0.85 

36 

21 

6141 

1,21 

0.473 0.10 0.90 

0,088 

0.002 0.C59 

0*75 

*0 

30 

0B2A 

1.25 

0,287 0. If 0.82 

0,264 

0.002 0.333 

0.60 

70 

42 

8121 

0.29 

0,585 0.11 0.89 

0.059 

0,004 1.288 

1*13 

33 

45 

8121 

1.30 

0.283 0.15 0.15 

0.447 

0,002 0,316 

0*76 

35 

27 

8152 

0< 32 

0.613 0.05 0.95 

0.310 

0.002 1.417 

1,73 

25 

*4 

8851 

1.29 

0.477 0.33 0. 67 

0.628 

0.002 0.10C 

0.74 

14 

10 

8C4! 

0*3* 

0.157 0.13 0.17 

0. 03(J 

0.001 0,526 

0.56 

173 

9B 

8C41 

1,23 

0.175 0.07 0.93 

0,163 

<0.001 0.289 

0,45 

119 

54 

8C21 

2.11 

0.171 0.27 0.73 

0.338 

0.002 0.194 

0,53 

112 

60 

8C2I • 

0.36 

0.144 0.13 0.87 

0.236 

0.001 0.446 

0.68 

177 

121 

ten 

1.11 

0.149 0.18 0,12 

0.915 

0,001 0.194 

1.11 

59 

65 

8C51 

0,33 

0,134 0.13 0.17 

0.482 

0.001 0.173 

0.66 

99 

61 

8C51 

1.22 

0.128 0.28 0.72 

1. 114 

<0.001 0.021 

1*1* ‘ 

15 

17 

ocoo 


0.072 0.15 0.15 

0,000 

0.0H1 0.413 

0.48 

570 

276 

0 Type 

304 Stainless Steel, 

9rr»lnrftn«e value, t 

Solution Annealed, 

Daaatc_fraciicms 

, tes 

ted at 

565C 


facl.ua 

cr*ep period 

fatigue 

creep period 

Anas 

NPRE 

NODS 

Tail Ha. 

<c rf 

4 *w f rr F » 

PP 

PP CP 

NPRE 

cycle* 

cycle* 


9941 

0.14 

0.915 0.71 

0.22 

0.002 

0*053 

0.232 

0.27 

52 

14 

9841 

2.03 

0.197 0.43 

0.57 

0.147 

0,013 

0 . W 7 

0.65 

53 

34 

984*1 

1.11 

0.574 0.61 

0.32 

0.093 

0,071 

0*265 

0.38 

50 

19 

9931 

1.00 

0,902 0.93 

0.17 

0.165 

0*023 

0*090 

0.20 

39 

a 

98311 

0,99 

0.(63 0.12 

0.11 

0,202 

0*018 

0.080 

0.30 

33 

10 

9831 

0.11 

0.363 0.71 

0.29 

0.017 

0*018 

0 . 1*9 

0.18 

190 

33 

9 B 6 E 

0.17 

0.464 0.79 

0.21 

0.071 

0 . 01 * 

0*078 

0.16 

93 

15 

9851 

1.19 

1.493 0.19 

0.11 

0.464 

0*029 

0*059 

0.57 

7 

4 

9 C 4 E 1 

0.17 

0,385 0.54 

0,42 

0.011 

0*025 

0 * 5*9 

0.59 

91 

S 3 

9 C 4 A 1 

1.01 

0.340 0.54 

0.46 

0 . 186 

0*016 

0.308 

0.51 

94 

43 

9 C 3 I 

1.14 

0 . 156 0 ,57 

0.43 

0. 126 

0 *017 

0**05 

0.55 

296 

162 

9 C 31 

0.91 

0.290 0.90 

0.40 

0.637 

0,010 

0*172 

0.82 

39 

32 

9 C 5 * 

0.17 

0.205 0.52 

0.31 

0.209 

0*008 

0*135 

o ; j 5 

126 

44 
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TABLE 4. SUMMARY OF LIFE PREDICTIONS 
(a) SRP-1, Damage Summed Over Cycle 


Material 

T 

C 

No. of 
Tests 

Percentage of Tests 
within factors of 
2 3 4 

Predictions 
(under lover 

lCr*lHc>*Q ,25V , Nomslited 
and Tempered 

540 

26 

92 

lod 


50 

50 

lCr-lHt>*P,25V, Normalized 
and Tempered 

455 

12 

too 

*— 

... 

92 

1 

2.25Cr-lHo, Annealed 

540 

17 

100 

— 

... 

76 

24 

2.2SCr-lMo, Hormallied 
and Tempered 

540 

17 

94 

100 

... 

IS 

52 

2.25Cr-lNo, Quenched 
and Tempo reu 

455 

12 

55 

12 

100 

0 

100 

Type 304 Stainless, 
Solution Annealed 

650 

15 

100 

••• 

... 

27 

73 

Type 304 Stainless, 
Solution Annealed 

565 

13 

35 

62 

92 

0 

100 



112 

56 

95 

99 



(b) SRP 

-2, 

Avg. Str 

sinrange 

Values 

Used 


Material 

Temp, 

No. of 
Tests 

Percentage of Tests 
within Factors of 
2 3 4 

Predictions 
lundcr lover 

lCr-lMo-a,2SV, Normalized 
and Tempered 

540 

26 

69 

06 

100 

31 

69 

lCr-lHo-0 ,25V, I'urmolited 
and Tempered 

455 

.12 

iao 


... 

50 

so 

2.2SCr*lMo, inneslod 

540 

17 

too 

— 

... 

71 

29 

2.2SCr*lMo, Narmalized 
and Tempered 

540 

17 

94 

100 

... 

0 

100 

2, 25Cr*lHo, quenched 
and Tempered 

48S 

12 

33 

85 

92 

0 

100 

Type 304 Stainless, 
Solution Annealed 

6S0 

IS 

57 

10O 

... 

27 

73 

Type 304 Stainless, 
Solution Annealed 

565 

13 

HI 

46 

*17 

62 

“5? 

85 

*97 

0 

IDO 


(c) TCP Method 


Percentage of Teste 


Material 

Temp. 

C 

No. of 
Tests 

within 

2 

Factors of 
5 4 

Predictions 
(under lover 

lCr*lHo-0.25V, Normalized 
and Tempered 

540 

26 

as 

100 

... 

12 

88 

lCr-lHo-0. 25V, Normalized 
and Tempered 

455 

12 

58 

100 

... 

17 

53 

2.25Cr-lMo, Annealed 

54 0 

17 

29 

52 

100 

100 

0 

2.25Br-lMo, Normalized 
and Tempered 

540 

17 

82 

100 

... 

35 

65 

2.2SCr-lHo, Quenched 
and Tempered 

455 

12 

too 

... 

... 

8 

92 

Type 304 Stainless, 
Solution Annealed 

650 

IS 

75 

too 

... 

13 

87 

Type 304 Stainless, 
Solution Annealed 

565 

13 

112 

25 

TT 

46 

95 

85 

■ 99 " 

0 

100 




Qu ^' 


sfe 

0.110 

0.147 

0.115 

0.142 

0.255 

0,156 

0.402 


SB 

0.255 

0.124 

0.112 

0.155 

0.571 

0.199 

0.462 


SB 

0.212 

0.267 

0.364 

0.213 

0.076 

0,247 

0.466 


23 



Table S: Sunniary of accuracy of life prediction* 
using Strainrange Partitioning and the Time* and 
Cycle -Fraction nethods. 


Factors of Predicted 

2 S 4 under over 









*»• CKUS 


(el I.jscr-iHo, Nor«li,ed .nd r«*p. r ,d 




Figure 2 - Concluded. 
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(c) 2.25Cr-lMo, Normalized and 
Tempered 

Figure 3 - Creep-Rupture Ductility for MPC Alloys, 
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(d) 2.2 5Cr-lMo Quanched and Terrpered 


1.0 r 



T, - HOURS 


(e) Type 304 Stainless Steel, 
Solution Annealed 


Figure 3 - Concluded. 
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M -°r u) i c«-ifc-o. 2 Sv. normalized 

AND TEMPERED. 


W O r U) 2.2SC«-lft>. QUENCHED AND 
► TEMPERED. 


SPEC. NO. 1A1E 


SPEC. NO. ZAAt 


OS I 

N/NOBS 

(*) 1 C»-iMo-0.2SV. NORMALIZtO 
AND TEMPERED. 



<f> TYPE JOA STAINLESS STEEL. 
SOLUTION ANNEALED. 


SPEC. NO. JBAE 


SPEC. NO. 8BAE 



(c) 2.25C»-lMo. ANNEALED 


SPEC. NO. 2Aa£ 


N/NOBS 

2,0 f U) TYPE JOA STAINLESS STEEL. 
SOLUTION ANNEALED. 


SPEC. NO. 9BaA 


5l0 r (o) 2.2SC«-lMo. NORMALIZED AND 
TEMPERED. 


,5.0t SPEC. NO. 6A1A 


Figure 4 - Typical Examples of Cycle-to-Cycle Changes in Inelastic 
Strainrange with Repeated Creep Periods. 
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NfRE, predicted life 


a) lCr- IMo- 0 . 2 5V, Normalized and 
Tempered, tested at S40C 

b) lCr- IMo- 0 . 25V , Normalized and 
Tempered, tested at 485C 

c) 2.25Cr-lMo, Annealed, tested 
at 540C 

d) 2.25Cr-lMo, Normalized and 
Tempered, tested at b40C 

e) 2.2SCr-lMo, Quenched and 
Tempered, tested at 485C 

f) Type 304 Stainless, Solution 
Annealed, tested at 650C 

g) Type 304 Stainless, Solution 
Annealed, tested at 56SC 


Figure 5 -TCF Analysis of MPC Tests. 




observed life 


xt 


10 1 10^ 10 J 


NPRE. predicted life 


a) lCr- IMo-O. 25V, Normalized and 
Tempered, tested at 540C 

b) lCr- IMo- 0 . 25V, Normalized and 
Tempered, tested at 48SC 

c) 2.25Cr-lMo, Annealed, tested 
at 540C 

d) 2.25Cr-lMo, Normalized and 
Tempered, tested at 540C 

e) 2.25Cr-lMo, Quenched and 
Tempered, tested at 485C 

f) Type 304 Stainless, Solution 
Annealed, tested at 650C 

g) Type 304 Stainless, Solution 
Annealed, tested at 5b5C 


Figure 6 - SRP Analysis of MPC Tests 
Summing Damage Every Cycle(SRP-l). 




observed life 







a) lCr-lMo-0.25V, Normalized and 
Tempered, tested at 540C 

b) lCr-lMo-0. 2SV, Normalized and 
Tempered, tested at 485C 

c) 2.25Cr-lMo, Annealed, tested' 
at 540C 

d) 2 . 2 5Cr - IMo , Normalized and 
Tempered, tested at 540C 

e) 2.2SCr-lMo, Quenched and 
Tempered, tested at 485C 

f) Type 304 Stainless, Solution 
Annealed, tested at 650C 

g) Type 304 Stainless, Solution 
Annealed, tested at S65C 


Figure 7 - SRP Analysts of MPC Tests 
Using Ave. Stralnrange Values(SRP-2). 
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Figure 8 - Ratio of Observed to Predicted Life as a Function of 
Life of test. 
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